Yields and nutrient pools in soils cultivated with Tectona grandis and Gmelina arborea in Nigerian rainforest ecosystem  by Adekunle, V.A.J. et al.
Journal of the Saudi Society of Agricultural Sciences (2011) 10, 127–135King Saud University
Journal of the Saudi Society of Agricultural Sciences
www.ksu.edu.sa
www.sciencedirect.comORIGINAL ARTICLEYields and nutrient pools in soils cultivated with
Tectona grandis and Gmelina arborea in Nigerian
rainforest ecosystemV.A.J. Adekunle a,*, A.A. Alo a, F.O. Adekayode ba Department of Forestry and Wood Technology, Federal University of Technology, Akure, Nigeria
b Department of Crop, Soil and Pest Management, Federal University of Technology, Akure, NigeriaReceived 4 March 2011; accepted 16 May 2011
Available online 31 May 2011*
R
R
E
16
El
Pe
doKEYWORDS
Forest reserve;
Afforestation;
Soil nutrient;
Teak;
GmelinaCorresponding author. P
esearch Institute, PlantBiodiv
ana Pratap Marg, Lucknow 2
-mail address: adekunlevaj@
58-077X ª 2011 King Saud
sevier B.V. All rights reserve
er review under responsibilit
i:10.1016/j.jssas.2011.05.001
Production and hresent a
ersity and
26 001, In
rediffma
Universit
d.
y of King
osting by EAbstract This study examined the yield of the two most prominent exotic species in southwest
Nigeria and the nutrient status of soils cultivated with these species. The impacts of plantation
development on soil nutrients were also examined. The plantations species are Gmelina arborea
(Gmelina) stands established in 1984, 1988, 1990 and 1994 and Tectona grandis (Teak) established
in 1990, 1992, 1994, 1996 and 1997. Growth data and composite soil samples from 3 depths (0–15,
15–30 and 30–60 cm) were collected from ﬁve equal sized plots (20 · 20 m2) randomly located in the
plantation of the two species. Also, soil samples were collected from the adjacent natural forest for
comparison. The results for both species show that tree growth variables increased substantially
with increase in tree age. There was signiﬁcant difference in number of trees per hectare, dominant
diameter, volume/ha and MAI for the Gmelina stands. In the Teak stand, there was signiﬁcant dif-
ference in most of the tree growth variables also. Nutrients required by plants to survive were pres-
ent in the soil samples from the plantations and the natural forest in different proportions. There
was high correlation between percentage sand and most of the tree growth variables for both spe-
cies. The pH value obtained for the Gmelina stands ranged between 6.47 and 7.47 while that of
Teak stands ranged between 5.57 and 8.33. There was also a high and positive relationship betweenddress: National Botanical
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128 V.A.J. Adekunle et al.some soil chemical properties and tree growth variables. The highest signiﬁcant correlation
coefﬁcient existed between phosphorus concentration and basal area for stands of both species.
The r-values are 0.98 and 0.96 for Gmelina and Teak, respectively. While a high, negative and
signiﬁcant r-value (0.88) was also obtained between potassium and volume/ha for the Gmelina
stands, a high positive r-value was obtained between the potassium and basal area for the Teak
stands. Comparison of soil nutrients in the plantations with the nutrients in the natural forest
revealed the adverse impacts of plantation establishment on soil nutrient status. Recommendations
on land policy issues and forest conservation were made.
ª 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Forest plantations are forest stands established by planting or/
and seeding in the process of afforestation or reforestation.
They are either of introduced species or intensively managed
indigenous species that are of even aged class and regular spac-
ing (FAO, 2004). It is a forest stand in which trees are predom-
inantly established by planting, deliberate seeding or
coppicing, where the coppicing is of previously planted trees.
It includes all stands established by planting or seeding of both
native and non-native species.
As the rate of logging in natural forest ecosystem and con-
sumption of wood continue to increase, the need for averting
the imminent wood famine become obvious. Nigeria may run
out of wood very soon and this will subsequently render several
labor forces in the nation’s forest based industries jobless. Over
exploitation of forest woods as fuelwood and charcoal rendered
Nigeria poorer in forest resources. In view of this imminent
wood deﬁcit, production from forest reserves was augmented
with artiﬁcial plantations through tree planting. The Federal
and State Governments decided to embark on tree planting
through mass mobilization of rural farmers, civil servants and
the private sectors. As a result, the annual national tree plant-
ing campaign came into existence. This was also followed by
various afforestation projects funded by foreign agents and
Nigerian Government. Today, some plantations of exotic and
indigenous species have been established. Prominent among
the exotic species are Tectona grandis, Gmelina arborea,
Eucalyptus spp., Ciderella odoranta and Pinus spp. while the
indigenous ones include Nauclea didderichii, Triplochiton
scleroxylon, Terminalia ivorensis and Terminalia superba.
The impacts of plantation development on alﬁsols cannot
be overemphasized. Plantation trees grow rapidly and there-
fore nutrients demand is high especially at the early stage of
development. The nutrient demand also varies with the age
of the stand as reported by Farley and Kelly (2004). There is
generally organic matter build up and surface hardness in
plantations. Evans (1999) reported that exposure of some trop-
ical soils during land preparation with heavy machines can
lead to formation of hard pans. The rate of change in edaphic
properties in relation to tree age is yet to be ascertained espe-
cially with Teak and Gmelina that are the two most cultivated
exotic species in Nigeria. This could assist to determine the
ability of the soil to support plantation rotation since the num-
ber of rotations in coppice management depends on the soil
nutrient pools. The ﬁndings of Turner and Kelly (1985) indi-
cated that the most signiﬁcant changes in the nutrient status
of the soil are likely to occur in plantations that are
10–20 years old. In addition, the comparisons of stands of
various ages to adjacent natural forest are very useful forunderstanding how nutrient status changes as plantation
matures (Davis and Lang, 1991; Farley and Kelly, 2004).
Gmelina and Teak are deciduous tree species belonging to
the verbenaceae family. Both are grown in plantations as exo-
tic species in Nigeria, Ghana and Sierra-Leone. While Gmelina
is grown principally to provide raw materials for the pulp/
paper industries, Teak is to provide high quality sawn timber
and poles. They are regarded as very suitable species for rapid
production of large volumes of timber, fuelwood and poles of
uniform and desirable quality (Akindele, 1989). Gmelina is
native of India and Burma where it reaches its best develop-
ment. But natural distribution extends from Himalayan in
Pakistan to Nepal, Cambodia, Vietnam and southern prov-
inces of China (Lamb, 1968; Onyekwelu and Stimm, 2002).
It tolerates a wide range of conditions with annual rainfall
from 750 to 500 mm, mean annual temperature of 21–28 C
and deep, well drained, based-rich soil with pH between 5.0
and 8.0 (Onyekwelu, 2002). Gmelina is short-lived with a life
span of 30–50 years but grows fast during the ﬁrst 5–6 years
and achieves a high biomass at an early age (Nwoboshi, 1985).
Teak is one of the world’s premier hardwood timbers. It is
indigenous only to India, Lao, Thailand and Myanmar
(Pandey and Brown, 2000). Teak can be produced under di-
verse conditions, but high productivity can only be expected
on good and accessible sites and in many countries, Teak is
planted on degraded lands (Enters, 2000). Teak is a large
deciduous tree with a rounded crown and, under favorable
conditions; it can develop into a tall clean cylindrical bole of
more than 25 m in height. Leaves are broadly elliptical or obo-
vate and usually 30–60 cm long. It grows in well-drained deep
alluvium soil, below 1000 m elevation, with annual rainfall of
1250–3750 mm, minimum temperature of 13–17 C and maxi-
mum temperature of 39–43 C, it is light demanding and cop-
pices and pollards vigorously. Teak begins ﬂowering and
seeding at a young age, and produces abundant seeds almost
every year. The hard thick pericarp of the seed prevents easy
germination and a considerable portion of fresh seeds remains
dormant in the ﬁrst year. Teak seeds remain viable for many
years. Jadeja and Nakar (2010) described the phonology of
Teak in his study. Teak grows a little slower than Gmelina
but it has longer life span (Adekunle, 2000).
The objectives of this study therefore were to assess the
yield of the two most prominent afforestation species in
Nigeria and the present status of the soils used to cultivate
them. The study was also to examine the impacts of plantation
development on soil properties in tropical rainforest ecosystem
of southwest Nigeria and to determine the relationship be-
tween soil physical and chemical properties and plant growth.
These were achieved through ﬁeld inventory and soil sample
collection and laboratory analyses.
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2.1. The study area
This study was carried out at Oluwa and Oyinmo Forest Re-
serves located in Odigbo and Akoko North Local Government
Areas of Ondo State, Nigeria, respectively.
2.2. Plantation selection
Gmelina plantations established in 1984, 1988, 1990 and 1994
at Oluwa Forest Reserve and Teak stands planted in 1990,
1992, 1994, 1996 and 1997 at Oyinmo Forest Reserve were se-
lected for this study. These two plantations were established
and managed under various afforestation projects of the State
Government. The Gmelina stands were established by Ondo
State Afforestation Project, funded with loans from the Inter-
national Bank for Reconstruction and Development (IBRD)
and the African Development Bank (ADB) with counterpart
contribution from the Federal Government of Nigeria and
Ondo States Government. The Teak stands in Oyinmo forest
reserve were established by Ondo State Government with the
State’s Forestry Trust Fund.
2.3. Method of data collection
2.3.1. Sample plot demarcation
Five equal size plots (25 · 25 m2) were randomly located in
each of the selected age series. All measurement and soil sam-
ple collection were done in the plots.
2.4. Measurement of tree growth variables
The dbh of all trees encountered in a sample plot were mea-
sured and their basal areas were calculated. Two mean trees
(these were trees whose basal areas were the closest to the
mean basal area) were selected per plot. Diameters over bark
at the base, middle and merchantable top, as well as total
height of these mean trees in each of the plots were measured.
2.5. Soil sample collection
Soil samples were collected at three depths from three different
equidistance points located diagonally on the sample plots.
The depths are 0–15, 15–30 and 30–60 cm. Soil samples from
the same depth in each of the plots were mixed to obtained
composite soil samples. Soil samples were also collected from
the adjacent natural forest to the plantations. This is the relic
of forest left behind during plantation development in the re-
serves. The samples were properly labeled, air-dried and sieved
for laboratory analysis.
2.6. Laboratory analysis of soil samples
Soil physical properties (particle size analysis) were determined
by using the hydrometer method of Bouyoucous (1951) with
sodium hexamephosphate (calgon) as dispersing agent. For
the soil chemical analysis, Walkley and Black (1934) dichro-
mate oxidation method was adopted in the determination of
organic matter content of the soil samples. The microkjeldah
method was employed in determining the total nitrogen(Jackson, 1958). The available soil phosphorus was determined
with the aid of the spectrophotometer using molybdenum blue
method of Murphy and Ricky (1962). Exchangeable potas-
sium, calcium, and magnesium were extracted with ammonium
acetate (Chapman, 1965). Flame photometer was used to
determine the amount of potassium in the samples while Ca
and Mg were obtained by EDTA titration.
3. Data analysis
3.1. Basal area calculation
The basal area of all trees in the sample plots were calculated
using the formula:
BA ¼ ðpD2Þ=4
where BA= basal area (m2), D = diameter at breast height
(cm) and p= pi (3.142).
Basal areas of the two mean trees were obtained and di-
vided by two to obtain a mean value. To obtain the plot basal
area, the mean basal area of the two mean trees was multiplied
with the number of trees in the plot. Total basal area for the
sample plots was obtained by adding basal area obtained from
all the plots. This was divided by the number of sample plots
and multiplied with the number of sampling units in a hectare
(16) to obtain the basal area per hectare.
3.2. Volume calculation
Volumes of the two mean trees were calculated in every plot
using the Newton’s formula of Husch et al. (2003):
V ¼ ðh=6ÞðAb þ 4Am þ AtÞ
where V= tree volume (in m3), Ab, Am and At = tree cross-
sectional area at the base, middle and top at a merchantable
height, respectively (in m2) and h= total height (in meters).
Mean volume of the two mean trees was obtained for each
plot. This was multiplied with the number of trees in that plot
to obtain plot volume. Sum of sample plot’s volumes was di-
vided by the number of sample plots and multiplied with the
number of 25 m · 25 m plots in a hectare (16 plots) to obtain
the volume of tree per hectare.
3.3. Statistical data analysis
The experimental design adopted was the Completely
Randomized Design. The one-way analysis of variance (ANO-
VA) was used to examine the presence of signiﬁcant differences
in tree growth variables and in the various soil properties ob-
tained for the age series across the depths. Where signiﬁcant
differences were present, mean separation was carried out
using the Fisher’s Least Signiﬁcant Difference (LSD). The
Pearson Correlation Coefﬁcient was used to obtain the rela-
tionships between tree growth variables and the soil properties.
For tree growth variables and soil analyses, ﬁve replicates were
involved per stand.
4. Result and discussion
The summary of tree growth variables for Gmelina is pre-
sented in Table 1. From this table, a general increase in stand
Table 1 Summary of the tree growth variables for Gmelina stands in Oluwa Forest Reserve, Ondo State, Nigeria.
Age No. of Stem/ha M. dbh (cm) D. dbh (cm) M. H (m) D. H (m) BA (m2/ha) Vol. (m3/ha) MAI (m3/ha)
20 1150a 21.74a 38.34a 22.93a 22.93a 37.02a 508.33a 28.24a
18 1075b 22.71a 40.24a 21.75a 21.75a 46.41a 465.88a 27.40a
14 1185a 19.26a 29.63b 19.14a 20.14a 35.15a 390.68b 35.52b
10 850b 20.38a 29.73b 19.94a 21.94a 27.98a 347.92b 43.49b
Note: Means with the same letters vertically are not signiﬁcantly different (p> 0.05). M. dbh, mean diameter at the breast height; D. dbh,
dominant diameter at the breast height; M. H, mean height; D. H, dominant height; BA, basal area; MAI, mean annual increment.
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served, but there was decrease in mean annual increment
(MAI) with increase in stand age. The volume per hectare ob-
tained for the stand of this species ranged between 347.92 and
508.33 m3 while the mean dbh ranged between 19.26 and
22.71 cm. The highest volume/ha (508.33 m3) was obtained
from the stand established in 1984 while the highest number
of trees/ha (1185 stems) was obtained from the stand estab-
lished in 1992. The seventeen years old stand had the highest
basal area per hectare (46.41 m2) and mean dbh (22.71 cm)
but the youngest stand had the highest MAI (43.49 m3/ha).
The results of the one-way analysis of variance (ANOVA) re-
vealed that there were signiﬁcant differences (p< 0.05) in
number of trees per hectare, mean dominant diameter, vol-
ume/ha, and MAI of the stands but there were no signiﬁcant
differences (p> 0.05) in mean dbh, mean height, and basal
area/ha. Further more, the results of the mean separation show
that there were no signiﬁcant differences between the 20- and
18-year old and also between 10- and 14-year old stands for
all the tree growth variables.
The summary of tree growth variables obtained for the
Teak stands is presented in Table 2. A general increase in
growth in relation to stand age, similar to that of Gmelina,
was also observed for the Teak stand. For all the tree growth
variables, their increment was discovered to be directly propor-
tional to age. The volume/ha obtained ranged between 259.06
and 21.25 m3 while the basal area/ha ranged between 27.81
and 9.50 m2. The highest number of trees/ha (781) was in the
8-year old stand; this was followed by the 14-year old stand
with 719 trees/ha. While the 14-year old stand had the highest
volume/ha, basal area/ha and dominant diameter (259.06 m3,
27.81 m2 and 29.90 cm, respectively), the least was obtained
for the stand established in 1994 (the youngest stand). The re-
sults of the one-way analysis of variance show the presence of
signiﬁcant difference (p< 0.05) in all the tree growth vari-
ables. But the results of the mean separation show that there
was no signiﬁcant difference in volume obtained at ages10
and 12 and basal area obtained at ages 12, 10 and 8 years
for Teak.Table 2 Summary of the growth data for Tectona grandis stands in
Age No. of stem/ha M. dbh (cm) D. dbh (cm) MH (m
14 719a 18.25a 29.90a 14.31a
12 531b 15.05a 24.53b 14.03a
10 550b 14.75a 25.10b 16.89a
8 781a 11.73b 18.73c 11.26ab
7 481b 8.90c 19.95bc 8.69b
Note: Means with the same letters vertically are not signiﬁcantly differe
dominant diameter at the breast height; MH, mean height, DH, dominaIn the stand of both species, volume per hectare and basal
area increased signiﬁcantly with age while MAI was discovered
to be inversely proportional to stand age. This was corrobo-
rated with the study of Noor (2003) who also obtained an in-
crease in stand growth with age in Teak plantations in
Malaysia. This phenomenon is expected especially where envi-
ronmental conditions and all other factors for tree growth are
favorable. In addition, tree growth rate at the early stage of
development, though gradual, was more rapid than latter years
in the man-made forests. The gradual increase in the basal area
per hectare, as the age increases, was not observed in the
20-year old stand of Gmelina. This could be attributed to
the stand’s low mean diameter at breast height and poor per-
formance in some of the stands due to the lack of maintenance
after planting. Thinning and clearing were not carried out in
any of the stands. This led to the development of undergrowths
competing with the trees for nutrients, space, light and water.
Plantations receiving various silvicultural treatments of prun-
ing, irrigation, fertilization and intercultivation have better
growth and timber productivity than sole trees or poorly man-
aged plantations (Dhanda and Verma, 2001). Demirkiran and
Uslu (2010) noted that fertilizer application could increase
productivity by enhancing foliage yield, botanical composi-
tion, earliness of growth and good quality of plant species.
Onyekwelu (2002) reported a MAI that varied between
30–50 m3/ha/year for a well-managed stand of Gmelina. This
is similar to the values obtained for the Gmelina stands in this
study (27.40–53.49 m3/ha/year). Comparison of the tree
growth variables indicated that Gmelina grew faster than Teak
as earlier reported by Adekunle (2000). The tree growth values
obtained for Gmelina were relatively higher than what were
obtained for Teak of the same age (10 and 14 years).
Essential elements for tree growth and development were
represented in the soil samples in different proportions. Their
abundance contributed signiﬁcantly to the growth of these
two species. The stands were located in tropical rainforest eco-
system where there are favorable environmental conditions for
tree growth and development (Ghazoul and Sheil, 2010;
Adekunle, 2002; Okojie, 1996; Peters, 1996; Schmidt, 1991).Oyinmo Forest Reserve, Ondo State, Nigeria.
) DH (m) BA (m2/ha) Vol. (m3/ha) MAI (m3/ha)
14.75a 27.81a 259.06a 19.92a
15.05a 15.75b 127.06b 11.55b
18.25a 17.50b 134.44b 19.44a
11.73b 13.31cb 83.81c 15.48b
8.90b 9.50c 21.25d 8.00c
nt (p> 0.05). M. dbh, mean diameter at the breast height; D. dbh,
nt height; BA, basal area; MAI, mean annual increment.
Table 3 Soil physical and chemical properties of Gmelina stands in the study area.
Age Depth (cm) Physical properties (%) Chemical properties
Sand Silt Clay pH %OM % N mg/kg P K (cmol/kg) Ca (cmo/kg) Mg (cmo/kg)
20 0–15 34.71a 29.76a 20.53a 7.30a 4.78a 0.31a 9.15a 9.33a 4.32a 10.28a
18 32.52a 36.43b 25.20a 7.00a 2.68b 0.26a 7.47a 14.27b 7.44b 7.24b
14 29.88a 43.76c 26.53a 7.47a 3.29c 0.25a 9.91a 16.40b 5.84a 6.26b
10 21.04b 21.76d 27.20a 7.33a 3.26c 0.09b 12.32a 16.13b 7.37b 6.25b
NF 40.52c 26.58d 32.90c 7.06a 3.37c 0.47c 12.22a 19.00c 8.00b 9.90a
20 15–30 43.71a 33.76a 22.53a 7.37a 1.01a 0.44a 9.15a 6.53a 2.64a 8.11a
18 35.77b 37.76ab 26.53a 6.83b 1.38a 0.35a 7.47a 6.33a 4.56b 5.13a
14 31.36b 40.43bc 27.30a 7.13a 2.65b 0.17b 9.91a 7.00a 6.16b 5.22a
10 25.29c 46.76c 28.53a 7.37a 3.10c 0.20a 12.32a 8.53a 4.48b 6.18a
NF 46.52b 23.84a 30.34b 6.99a 3.34c 0.46b 11.46a 9.31b 10.53c 6.68b
20 30–60 40.37a 34.43a 25.20a 7.33a 0.17a 0.48a 9.33a 4.27a 2.56a 6.10a
18 32.36b 38.43b 29.20a 7.13a 1.14a 0.23a 11.31b 10.80b 3.68b 5.09a
14 26.33bc 43.19b 30.53a 6.47a 1.08a 0.44a 12.80b 9.60b 4.84b 5.18a
10 23.04c 47.09b 31.87a 7.20a 0.07b 0.22a 15.70b 12.13b 2.56a 4.16a
NF 40.84a 31.10a 28.06a 5.38b 2.44c 0.45a 9.42a 12.22a 7.50b 6.17a
NF, adjacent natural forest. Values with similar letters vertically are not signiﬁcant at (p 6 0.05).
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sented in Tables 3 and 4 for Gmelina and Teak, respectively. A
general increase was observed in two of the soil physical prop-
erties (% sand and % silt) with increase in stand age in both
species while there was decrease in % clay content with in-
crease in stand age. The ANOVA and the mean separation re-
sults show that there were signiﬁcant differences (p 6 0.05) in
% silt and % clay across the three depths and age series of
Gmelina stands (Table 3). But, there was no signiﬁcant differ-
ence (p> 0.05) between % clay and % silt obtained at a depth
of 30–60 cm. For the Teak stands, there was no signiﬁcant dif-
ference in the soil physical properties across the three depths
and the age series except when they were compared with soilsTable 4 Soil physical and chemical properties of Teak stands in th
Age Depth Physical properties (%) Chemical proper
Sand Silt Clay pH % OM
15 0–15 68.73a 19.23a 12.04a 8.33a 1.96a
13 69.25a 18.21a 12.54a 7.57a 2.25a
12 67.13a 21.76a 11.04a 6.57a 2.46a
09 64.20a 20.70a 14.64a 5.57a 2.22a
08 64.00a 22.75a 13.45a 6.93a 0.95b
NF 40.52c 26.58b 32.90b 7.06a 3.37a
15 15–30 66.38a 19.57a 14.05a 8.17a 1.75a
13 60.42a 23.48a 16.04a 7.10a 0.70b
12 70.20a 18.76a 11.04a 7.20a 2.58a
09 72.20a 13.76a 14.04a 6.97a 2.04a
08 65.20a 20.76a 14.02a 7.20a 0.74b
NF 46.52b 23.84a 30.34b 6.99a 3.34c
15 65.51a 19.45a 15.04a 7.97a 1.61a
13 30–60 64.21a 21.76a 14.04a 7.83a 0.57b
12 67.28a 18.76a 12.04a 7.10a 2.10a
09 62.20a 23.76a 14.04a 7.50a 2.01a
08 68.20a 18.76a 13.04a 7.06a 0.65b
NF 40.84b 31.10b 28.06b 5.38a 2.44a
NF, adjacent natural forest. Values with similar letters vertically are notfrom the natural forest. (Table 4). As the age of the trees in-
creased, there was a proportional decrease in the % silt at
depth 0–10 cm for both species. The percentage sand for the
natural forest varied between 23.04 and 46.52, the % silt was
between 23.84 and 47.09 for the three depths and the % clay
proportion was from 30.34 to 32.90. The physical properties
of the soil samples from the natural forest were discovered
to be signiﬁcantly different from the values for the two planta-
tions of the three depths. Ali et al. (2010) also observed that
particle size distribution of soils varied along the topo-se-
quence. They discovered that soils that were situated at the
middle slope position had relatively higher clay content
throughout the proﬁle, followed by soils located at upper slopee study area.
ties
% N mg/kg P K (cmol/kg) Ca (cmol/kg) Mg (cmo/kg)
0.19a 11.16a 0.23a 14.69a 8.05a
0.22a 7.29a 0.18a 9.20b 7.20a
0.27a 9.08a 0.21a 8.61b 9.81a
0.18a 5.83b 0.17a 7.24b 5.01b
0.22a 4.32b 0.26a 10.13b 7.80a
0.47b 12.22a 0.31b 8.00b 9.90a
0.17a 12.11a 0.13a 14.20a 10.71b
0.14a 10.31a 0.19a 7.61b 16.29b
0.17a 6.71b 0.19a 8.41b 7.39b
0.15a 4.97c 0.19a 9.01b 5.50b
0.19a 4.49c 0.23a 9.12b 5.64b
0.46b 11.46a 0.31b 10.53c 7.68b
0.11a 12.41a 0.21a 13.73a 12.46a
0.37a 5.57b 0.17a 6.40b 5.62b
0.07a 10.08a 0.22a 7.74b 4.12b
0.10a 4.46c 0.19a 6.62a 5.51b
0.15a 4.96c 0.20a 6.59a 4.59b
0.45b 9.42a 0.22a 7.50b 7.17
signiﬁcant at (p 6 0.05).
132 V.A.J. Adekunle et al.position in their study in Ethiopia. For soil chemical proper-
ties, the soil pH in Gmelina stands varied between 6.47 and
7.47 while it varied between 5.57 and 8.33 in the Teak stands.
A relationship has been reported to exist between the general
availability of soil nutrient elements and soil pH. It was also
reported that soil pH exerts a great inﬂuence on soil ion ex-
change equilibrium because of its effects on weathering, organ-
ic matter mineralization and nutrient mobilization. Nwoboshi
(2000) reported that nutrients like N, P, K, Ca and Mg are
more available between pH 6.5 and 7.5 which is also the pH
range obtained for these species. Although, there was no sig-
niﬁcant difference in pH levels of the soil samples from the
two plantation species, but the values obtained fall within
the limit of the pH range for effective growth of the species
as reported by Onyekwelu (2002). At this pH range (6.47
and 7.47), most of the essential elements for plant growth
are always at their best.
A general increase was observed in most of the soil chemical
properties with increase in stand age. In Gmelina stand, high-
est percentage of organic matter (4.78%) was recorded for the
oldest stand (20 years) at depth of 0–15 cm while the least per-
centage value (0.70%) was recorded for the youngest stand
(10 years) as shown in Table 3. Similarly, highest concentra-
tion of most of the nutrients was discovered at the topsoil
(depth 0–15 cm). The ANOVA results revealed a signiﬁcant
difference (p 6 0.05) in the concentration of nitrogen and
potassium at depths 0–15 and 15–30 cm, and magnesium at
depth 15–30 across the age series. Also, signiﬁcant difference
(p 6 0.05) was discovered to exist in organic matter and cal-
cium content of the soils across the stands and the three
depths. Percentage organic matter of the soil decreased with
age at all depths. In spite of more addition of organic matter
to the soil through litter fall (twigs, leaves, back and branches),
most of them were rapidly used up by the tree species. There
was also a ﬂuctuation in the level of other nutrients across
the age and depth in the Gmelina stand. Magnesium content
was also observed to increase with age in all the depths highest
concentration (signiﬁcant) was found at the topsoil (0–15) than
the other two depths. But there was no signiﬁcant difference,
during mean separation, in the nutrients levels of the younger
stands.
For the Teak stand, the level of concentration of the vari-
ous chemical properties analyzed as presented in Table 4
revealed that the percentage organic matter ranged between
0.95 and 2.46 at depth 0–15 cm, 0.70 and 2.58 at depth
15–30 cm and 0.57 and 2.10 for soils at depth 30–60 cm. For
percentage nitrogen content, the values obtained variedTable 5 Correlation coefﬁcient for tree growth variables and soil p
mdbh (cm) M height BA (m2/ha)
mdbh (cm) 1.00
M height 0.85 1.00
BA (m2/ha) 0.72 0.51 1.00
vol/ha (m3) 0.73 0.91* 0.70
% Sand 0.50* 0.67 0.76
% Silt 0.19 0.24 0.53
% Clay 0.51* 0.88* 0.31*
* Signiﬁcant (p< 0.05).between 0.18 and 0.22, 0.44 and 0.14, 0.07 and 0.37 for soils
obtained at depths 0–15, 15–30 and 30–60 cm, respectively.
There was no signiﬁcant difference in soil pH, phosphorus
and magnesium across stands and soil depths, but there was
signiﬁcant difference (p 6 0.05) in the other chemical proper-
ties. The phosphorus content varied between 9.42 and
12.22 mg/kg for the depths, while the potassium was between
0.22 and 0.31 cmol/kg. Ali et al. (2010) also obtained a phos-
phorus content that decreased down the proﬁle. This was
due to the fact that P ﬁxation tends to be more pronounced
and ease of phosphorus release tends to be lowest in those soils
with higher clay content (Brady and Weil, 2002). While the
ANOVA results revealed a signiﬁcant different in percentage
organic matter, phosphorus, calcium and magnesium of the
stands in the three depths, there was no difference in the per-
centage nitrogen across the depths.
The least percentage organic matter and other nutrients
that were obtained in the soil samples from the youngest
stands could be attributed to the disturbance on the land dur-
ing mechanical land clearing coupled with the fact that trees
usually require more nutrients at their early stage of develop-
ment. In addition, more of these elements were in Gmelina
than the Teak stands. This could be due to biomass accumula-
tion on the ﬂoor of Gmelina stands. There were little or no lit-
ter accumulation and undergrowths in Teak stands as a result
of frequent ﬁre incidence and the anthropogenic activities of
rural women (human defoliator) who engaged in the collection
of the leaves of Teak in large quantities for wrapping even be-
fore they fall. The accumulation in Gmelina stands easily
decompose to add more nutrients to the soil. Kobayashi
(2007) noted that undergrowth and litter play a signiﬁcant role
as cation stores in plantations and must be conserved in the
ecosystem. Singh and Sharma (2007) reported that soil OC
was signiﬁcantly greater in older plantations of Populus
deltoides than the younger plantations and those available
macronutrients in the soil increased at successive sampling
times. Evans (1999) reported that very little recycling of nutri-
ent usually occur during the ﬁrst few years of plantation estab-
lishment because the crowns are developing, few leaves are
shaded and die and no branch will fall, as a result, little nutri-
ent is returned to the soil. Also, nutrient uptake varies with the
age of stands in plantation unlike in the natural forest where
nutrient uptake is constant. Lower litter inputs and higher
nutrient demands were also reported as additional reasons
for the low nutrient status in younger stands (Singh and
Sharma, 2007). Farley and Kelly (2004) discovered a signiﬁ-
cant difference in total nitrogen of the lower tier of the Ahysical properties for the Gmelina stands.
vol/ha (m3) % Sand % Silt % Clay
1.00
0.92 1.00
0.18 0.55* 1.00
0.90* 0.75 0.08* 1.00
Table 6 Correlation coefﬁcient for tree growth variables and soil physical properties for the Teak stands.
% Sand % Silt % Clay mdbh (cm) m height (m) BA (cm2) vol/ha (m3)
% Sand 1.00
% Silt 0.80 1.00
% Clay 0.69 0.12* 1.00
mdbh (cm) 0.88* 0.72 0.64* 1.00
m height (m) 0.74 0.40 0.82* 0.80* 1.00
BA (cm2) 0.72* 0.55 0.54 0.94* 0.62* 1.00
vol/ha (m3) 0.77 0.63* 0.55* 0.97 0.67 0.99 1.00
* Signiﬁcant (p< 0.05).
Table 7 Correlation coefﬁcient for tree growth variables and soil chemical properties for the Gmelina stands.
PH % OM % N Mg/kgP K
(cmo/kg)
Ca
(cmo/kg)
Mg
(cmo/kg)
mdbh
(cm)
M Height
(m)
BA
(m2/ha)
vol/ha
(m3)
PH 1.00
% OM 0.80* 1.00
% N 0.47* 0.53 1.00
P 0.66 0.57 0.96* 1.00
K 0.20 0.36 0.25 0.41* 1.00
Ca 0.45 0.73* 0.17 0.14 0.74 1.00
Mg 0.54 0.86 0.06 0.07 0.71* 0.97 1.00
mdbh (cm) 0.92 0.51 0.45 0.68 0.57 0.09 0.17 1.00
M height 0.57 0.00 0.35 0.57 0.92* 0.43 0.38* 0.85* 1.00
BA (m2/ha) 0.76* 0.71 0.93* 0.98* 0.28 0.05 0.26 0.72 0.51* 1.00
vol/ha (m3) 0.47 0.05 0.67* 0.79 0.88* 0.57 0.45 0.73* 0.91 0.70 1.00
* Signiﬁcant (p< 0.05).
Table 8 Correlation coefﬁcient for tree growth variables and soil chemical properties for the Teak stands.
PH % OM % N Mg/kgP K
(cmo/kg)
Ca
(cmo/kg)
Mg
(cmo/kg)
mdbh
(cm)
m height
(m)
BA
(cm2)
vol/ha
(m3)
PH 1.00
% OM 0.14 1.00
% N 0.03 0.18* 1.00
P 0.60* 0.55 0.10* 1.00
K 0.41 0.79* 0.19 0.03* 1.00
Ca 0.87 0.26 0.25 0.63 0.56 1.00
Mg 0.43 0.03 0.82* 0.48 0.53 0.33 1.00
mdbh (cm) 0.64* 0.62* 0.01 0.96 0.21 0.59 0.32 1.00
m height (m) 0.26 0.82* 0.51 0.81* 0.33 0.12 0.57* 0.80 1.00
BA (cm2) 0.67* 0.40 0.16* 0.96* 0.03 0.77* 0.31 0.94* 0.62* 1.00
vol/ha (m3) 0.66* 0.48 0.16 0.96* 0.07 0.72* 0.27 0.97* 0.67 0.99* 1.00
* Signiﬁcant (p < 0.05).
Yields and nutrient pools in soils cultivated with Tectona grandis and Gmelina arborea 133horizon, with a linear decline in nitrogen concentration with
stand age in their study. These accounted for the signiﬁcant
variation in some of the nutrient elements, according to stand
age. In the natural forest, the percentage organic matter was
3.37 for the topsoil, 3.34 for soil depth of 15–30 and 2.44 for
the soil depth of 30–60 and the nitrogen contents were 0.47,
0.46 and 0.45 for the three depths, respectively. Intensive and
continuous cultivation aggravated organic carbon oxidation,
resulted in reduction of total N as compared to virgin land
(Ali et al., 2010). This also revealed the impacts of plantation
development on soil properties.The relationship between tree growth variables and soil
physical properties as indicated by their correlation coefﬁcient
for the Gmelina and Teak stands is presented in Tables 5 and
6, respectively. From Table 5, high positive and signiﬁcant cor-
relation coefﬁcient was discovered to exist between most of the
tree growth variable and soil physical properties in the
Gmelina stands. The highest (0.92) positive and signiﬁcant,
was obtained between percentage sand and volume/ha while
the least coefﬁcient (0.18, positive and signiﬁcant) was be-
tween% silt and volume/ha. High coefﬁcients, negative and
signiﬁcant values were obtained when% clay was correlated
134 V.A.J. Adekunle et al.with volume/ha (0.90), mean height (0.88) and mean dbh
(0.51). For the Teak stand, the highest correlation coefﬁcient
(0.88, signiﬁcant) was obtained between percentage sand and
the mean dbh while the least (0.40) existed between % silt
and mean height. Negative and high relationships (correlation
coefﬁcients) were also discovered to exist when % silt and %
clay were correlated with each of the tree growth variables.
Correlation matrix for the tree growth variables and the
chemical properties of the soil samples is presented in Tables
7 and 8 for Gmelina and Teak stands respectively. For the
Gmelina stand, there was a general high correlation between
the tree growth variables and soil chemical properties except
for organic matter and mean height and basal area/ha and cal-
cium. The highest coefﬁcient (0.98, signiﬁcant) was between
phosphorus and basal area/ha. There was also a high but neg-
ative correlation between soil pH and tree growth variables
and also between phosphorus and the tree growth variables.
The values ranged between 0.47 and 0.92 for pH and
0.57 and 0.98 for phosphorus. For the Teak stands, high
correlation coefﬁcient values were also obtained between the
tree growth variables and the soil chemical properties. There
was positive and signiﬁcant high relationship between pH
and all the tree growth variables except with mean height
where poor relationship (r= 0.20) was recorded. The r-values
between most of the tree growth variables and calcium were
also high, positive and signiﬁcant. The high values ranged be-
tween 0.59 and 0.77, but a very low r-value (0.12) was obtained
between calcium and mean height. There was also a very high
positive and signiﬁcant correlation between phosphorus and
all the tree growth variables because of the importance of
phosphorus in tree growth and development. The highest coef-
ﬁcient (0.96) was obtained between P and mean dbh, basal
area/ha and volume/ha. Aydin and Uzun (2005) reported that
nitrogen and phosphorus will increase plant yield, dry matter
and nutrients. In addition, organic matter was discovered to
be highly, but negatively, correlated with magnesium in Gme-
lina stands (0.86) and with potassium (0.79) in the Teak
stands. These similar results were also obtained for calcium,
but nitrogen content did not vary with other nutrients. This
is similar to the results of Wayne (1999).
5. Conclusion
Growth and yield of Teak and Gmelina established in the trop-
ical rainforest ecosystem of Ondo State, Nigeria in relation to
some soil physical and chemical properties has been examined.
The tree growth variables were discovered to increase with
stand age. The relative distribution of soil particles (% silt,
% clay and % sand) supported the growth and development
of the species. Nutrient elements essential for effective tree per-
formance were in both sites, but in different proportion. The
soil pH was within the range required for mineralization of
nutrients for plant use. There was high correlation between
the tree growth variables and most of the physical and chem-
ical properties of the soils. Plantation development of these
species should be encouraged by the Government through pro-
vision of incentives, planting materials and technical-know-
how for those willing to plant trees.
At present, only the Government is investing in plantation
establishment in Nigeria because of its huge capital require-
ment. Participation of rural farmers and other stakeholderscould make more wood available, reduce deforestation and
its attended complications and prevent over dependence on
the tropical natural forest for the supply of wood products.
Biodiversity conservation is ensured when the natural forest
is judiciously utilized. Participation of private people in plan-
tation development could also be enhanced through the orga-
nized taungya farming system and other forms of agroforestry
system.
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